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ABSTRACT
Pit latrines in slums areas of Uganda fill up faster than might be expected from some estimates owing to inappropriate 
use and failure to consider critical factors affecting sludge accumulation rates at the planning, design and construction 
stages. This study sought to investigate factors affecting filling rates of lined pit latrines in slum areas of Kampala with the 
goal of contributing to accurate planning, design, construction, emptying and overall maintenance. Fifty-five pit latrines 
were selected from the five divisions of Kampala city using stratified random sampling. Data collected included: number 
of users, frequency of emptying, years taken since last emptying, type of non-faecal materials deposited, cross-sectional 
dimensions of the pit, rate of sludge degradation and geo-physical factors of pit location. Methods used were: field surveys, 
questionnaires and key informant interviews plus on-site depth measurement. Mass loss tests to investigate the rate of sludge 
degradation were carried out in the laboratory at moisture content levels similar to those in pit latrines. Sludge accumulation 
rates were calculated using volume of sludge in the pit, number of users and time taken since last emptying. Statistical 
analyses included correlation and one-way ANOVA. Results revealed that number of users and type of material deposited 
in the pit latrines, especially non-faecal matter, had a significant (p < 0.05) effect on sludge accumulation rate. Public pit 
latrines with a higher number of users had lower sludge accumulation rates and this was attributed to greater degradation 
taking place and greater restriction on entry of non-faecal matter. The rate of sludge degradation was higher at 90–100% 
than 80–90% moisture content, due to better degradation conditions. Tighter restrictions on non-faecal material deposition 
into pit latrines are recommended to reduce filling rates of pit latrines in slum areas. 
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INTRODUCTION
Pit latrine coverage in Uganda is estimated at 85.5% (UBOS, 
2010). Kampala, Uganda’s capital city, hosts the largest part 
of the country’s urban population (Kessides, 2005) with 87% 
of the population having access to pit latrines (UBOS, 2012). 
The majority (46%) of pit latrines are in a fair condition but 
about 35% are in a poor state, either filled up or almost filled 
up (Zziwa et al., 2014). Despite widespread access, the condi-
tions of the facilities are insufficient and unhygienic due to the 
large number of users per stance (Nordberg and Winblad, 1994; 
Grimason et al, 2000; Montgomery, 2007). ‘Stance’ in the context 
of Uganda’s pit latrines refers to a pit latrine room with one drop 
hole. There can be more than one pit latrine stance per pit latrine 
site and this is always the case in rental and school pit latrines for 
multiple users. This accounts for the poor sanitation situation in 
the slum areas of Kampala (Fig. 1). 
As a result, there is increasing use of plastic bags with faecal 
matter thrown into drainage channels and commonly referred to 
as ‘flying toilets’, and increasing numbers of pit latrines that are 
abandoned after a relatively short period of time because they 
are full (Isabel et al., 2011; Zziwa et al., 2016). It is also noted that 
people who are close to water channels usually open their pit 
latrines to allow faecal matter to flow into water channels, espe-
cially during the rainy season (Kulabako et al., 2007) and this 
poses water and sanitation challenges in the city. Deteriorating 
sanitation conditions in the slums arise due to poor pit empty-
ing management and enforcement strategies in Kampala (Oyoo 
et al., 2011). 
Effective pit emptying strategies require a clear under-
standing of the factors affecting sludge accumulation rates in 
pit latrines. These include: number of users, use of oxidative 
chemicals to overcome odour generated from the pits, and 
deposition of rough papers, plastics, bottles and other non-
biodegradable household refuse (Still and Foxon, 2012). It has 
been reported that household refuse can contribute, on average, 
to a 15% increase in the sludge accumulation rate in pit latrines 
(Still, 2002). Sludge accumulation rates vary between countries 
and even within the same country due to differences in climatic 
and socio-economic factors (Klingel et al., 2002). Individual diets 
also have a direct influence on the quantity and composition of 
faeces and urine (Torondel, 2010; WHO, 2004). The proportion 
of proteins and carbohydrates in each individual’s diet might 
result in different degradation rates and thus affect the accumu-
lation of sludge in a pit (WHO, 2004). In addition to the factors 
mentioned above, the design of the pit and character of the 
biological processes within the pit affect the rate at which sludge 
will accumulate in the pit (Still, 2002).
The biggest challenge in the accurate prediction of sludge 
accumulation rates in pit latrines in the slum areas is the lack 
of understanding of these factors, how they relate to each other 
and their magnitude. This research sought to investigate the 
factors affecting sludge accumulation rates by studying each fac-
tor and its effect on the filling rate. The factors affecting sludge 
accumulation rate investigated in this paper included: number 
of users, size of the pit, rate of mass loss due to degradation, 
type of material deposited in the pit and geo-physical factors of 
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the area. The factors were measured on the basis of sludge build-
up in the pit latrine. Critical analysis of the factors was done to 
make an educated approximation as to which factor contrib-
utes more to the filling rates in the slum areas of Kampala. An 
understanding of these factors and how each relates to the other 
was developed to assist in the prediction of the filling rates of 
the pit latrines. 
METHODS
Study area 
The study was conducted in Kampala City, which has 5 divi-
sions, namely, Kampala Central, Makindye, Rubaga, Kawempe 
and Nakawa. This project was carried out in the slum areas 
of Kamwokya, Luzira, Bwaise, Ndeeba, Banda, Nakulabye, 
Naguru, Kibuye and Kabalagala, representing all five divisions 
of Kampala City (Fig. 2). 
A total of 55 lined pit latrines were studied including 8 
public pits, 6 private pits and 41 rentals. This number was cho-
sen based on a 10% precision level at 95% confidence interval 
whilst taking into account the resources and time available for 
the study (Israel, 2013). Private pit latrines are those used by a 
single household; rental pit latrines have limited sharing among 
tenants and public pit latrines are used by more than 82 users 
per stance. The pit latrines were randomly selected from each 
of the five divisions. Ethics clearance was obtained from the 
Uganda National Council for Science and Technology (UNCST) 
and permission was also obtained from Kampala Capital City 
Authority (KCCA) and the local leaders in each of these divi-
sions before the study was carried out. The sampling period was 
from August 2014 to April 2015.
Pit latrines in the slum areas of Kampala city have unique 
characteristics that are unlike those observed elsewhere in 
Africa (Bakare, 2014; Still and Foxon, 2012; Buckley, 2008). 
The majority of slum areas in Kampala are located in low-lying 
areas (altitudes between 650–850 m amsl) with high water 
tables. This means that the majority of pit latrines are shallow 
(not more than 2.64 m in depth). There is also frequent flooding 
especially during the rainy season and this is the reason that the 
practice of emptying into streams is very common (Kulabako 
et al., 2007). The slum areas are unplanned informal settlements 
and therefore the pit latrines in these areas are also not planned. 
With the exception of the public pit latrines that are built by the 
city authorities, the other pits are built with varying construc-
tion designs and styles. The pits have many users and most of 
them take on a solid-waste disposal role as well.
Field survey and pit sampling
A field survey was used to collect information on the number 
of users for each pit and the frequency of emptying. This infor-
mation was collected using questionnaires and key informant 
interviews with pit latrine owners. The type of material deposited 
in the pit was assessed basing on observation of the pit latrine 
contents in the pit and as samples were being taken. Some of the 
materials observed included; faecal matter, polythene bags, sani-
tary pads, old clothes and diapers. Samples were collected using 
the pit sludge sampler (Fig. 3). This tool was developed as part of 
the research specifically for this purpose. It was lowered into the 
pit latrine, adjusted by pushing the inner handle to ensure that 
the bottom can is open. The piston was then pulled to suck the 
entire sample into the sampler. The sampler was removed from 
the pit latrine and the contents emptied into a sample container 
that was clearly marked with the sample area, date and descrip-
tion of the pit latrine.
Considering the resource limitations of the study, the geo-
physical factors could not be measured in the field, and this 
information was obtained from archives in the KCCA offices. 
The location of each pit latrine was geo-referenced and the alti-
tude recorded. The assumption made in the study was that pits 
selected in areas with similar geo-physical characteristics were 
affected in a similar way by these characteristics. The analysis 
took into consideration the geo-physical characteristics of the 
location of the pit latrines. 
Pit size and depth measurements
The size of the pit latrine was measured with a tape measure for 
length and width. The sludge depth was measured using a sludge 
depth measuring tool purposely developed for monitoring 
sludge depth changes (Fig. 4). The tool was dipped into the pit 
latrine and the top layer of the sludge registered a mark on the 
tool which had a metric ruler attached to it. This reading gave 
the depth of sludge in the pit latrine. 
Laboratory analysis
The rate of degradation was measured in an experiment that was 
set up to measure mass loss rates at different moisture content 
levels; that is, 80–90% and 90–100%, the moisture content ranges 
Figure 1
Overflowing pit latrine in Katanga with faecal matter flowing into a 
drainage channel (Makerere University, 2014)
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found in the sampled pit latrines (Buckley et al., 2008). Six out of 
the fifteen samples collected during the first phase of the study 
were randomly selected for this experiment. This was because of 
the duration of the test (3 months) and space requirements for 
the set-up. A small quantity of each of the selected samples was 
placed in sealed containers at each of the moisture levels and 
each sample was replicated 3 times. A control with only water 
was also set up to cater for the loss due to evaporation. The test 
was set up for 3 months with mass loss measurements taken 
weekly. After 3 months the percentage mass loss was computed 
and used to estimate the rate of degradation in the pit latrines.
Computation of sludge accumulation rates
Sludge accumulation rates in the slum areas of Kampala City 
were determined using Mara’s equation (1) (Mara, 1984).
 (1)
where: R is sludge accumulation rate in L∙cap−1∙yr−1, n = number 
of users, t = time taken since last emptying and V = volume of 
faecal sludge in the pit latrine after time t.
Given the number of people who use these pit latrines in 
the slum areas, these pits are emptied frequently and this made 
it difficult to continuously monitor a reasonable number of pit 
latrines. Thus the information used to determine the sludge 
accumulation rates was collected through key informant inter-
views with the pit owners and the pit latrine users, who were 
required to recall the time the pit latrine was last emptied, and 
the volume of sludge was calculated from the sludge depth and 
pit dimension measurements. Information on the pit latrines 
sampled was collected from pit owners or long-term tenants 
Figure 2
Map of Kampala showing selected pit latrines
 
Figure 3
Pit sludge sampler (Makerere University, 2015)
Figure 4
Depth tool with sludge markings (Makerere University, 2015)
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and this was collaborated with information in the surrounding 
area since most of the pit latrines in the slums are emptied at 
similar times. The challenge with this method was that the users 
were not monitoring the pit latrines and so information had 
to be recalled thereby giving approximations of the time since 
the last emptying. Triangulation checks were always included 
in the discussions to ensure reliable and consistent information 
was collected. 
Statistical analysis
Correlation and descriptive statistical analyses were done to 
determine the averages, standard deviation and variances using 
GenStat Discovery Edition 4 and XLSTAT software respectively. 
Analysis of variance was also carried out to test for the signifi-
cance of each factor in relation to the sludge accumulation rates 
of the pit latrines. Descriptive statistics were determined to 
summarize the details of the population in which the study was 
done. Correlation analysis was done to establish the relationship 
between factors and the sludge accumulation rates.
RESULTS and DISCUSSION
Categories of users
Pit latrines were divided into three different categories: private, 
rentals and public, based on the number of users for each cat-
egory. Figure 5 shows that public pit latrines have a lower sludge 
accumulation rate as compared to the rentals and private pit 
latrines. The error bars indicate the standard deviation of the 
sludge accumulation rates of the pit latrines. ANOVA revealed a 
significant difference (p < 0.05) in the sludge accumulation rates 
between the different types of pit latrines. 
Correlation analysis indicated a moderate negative correla-
tion between the sludge accumulation rates and the number 
of users. This means that the sludge accumulation is affected 
by the number of users, and the higher the number, the lower 
the sludge accumulation rates (Fig. 6). This is attributed to the 
fact that with more users there are more microbes in the pit 
latrine and hence more degradation taking place (Bakare, 2014). 
There are also more restriction on solid waste entry in public pit 
latrines since they are guarded, unlike the rentals and private pits 
(Isunju et al., 2013).
Type of material deposited in the pit latrine
The most common materials seen in the pit latrines included: 
polythene bags, old clothes, blankets, sanitary pads, children’s 
diapers, old batteries, glasses and anal cleansing material such 
as toilet paper and newspapers (Fig. 7). This was more common 
in rentals and private pit latrines than in public pit latrines. This 
is because public pit latrines are more restricted and guarded 
so that less solid waste entry occurs. In a similar study carried 
out in the slum areas of Kampala City, the average percentage 
composition of non-faecal matter was found to be 25.8% (Zziwa 
et al., 2016). These values were found to be as high as 40% in pit 
latrines that were not properly managed or used, and as low as 
10% for pit latrines that were adequately or well managed.
Size of the pit latrine 
The sludge accumulation rates were compared with the pit cross-
sectional area. A very low R2 value (R2 = 4 × 10-7) and very low 
correlation (r = −0.0063) indicate that the size of the pit latrine 
does not account for much of the variation in the filling rates 
of the pit latrines. In the slum areas, there is not much land for 
the construction of pit latrines since the plots of land are small 
(SRFA, 2014). Most of the pit latrines sampled had an average 
cross-sectional area of 3.3 m2. Most of the pit latrines were also 
found to be shallow with depths of approximately 1.0 m. The rea-
son for the shallow pits is that most of the slums are located in 
low-lying areas with high water tables. Pit latrines in the slums 
will fill up fast because of the small pit volume. The pit latrines 
with much bigger cross-sectional areas (area > 6 m2) represent 
the private and public pit latrines. Private pit latrines are owned 
by people who have lived in these areas for a long time (more 
than 30 years) and before the slums developed, meaning that 
at the time there was sufficient land to build a proper-sized pit 
latrine. Public pit latrines on the other hand are built by the 
local authorities and since they do not have similar restrictions 
with regard to land, the pits are much bigger and have lower 
filling rates. 
The size of the pit latrine will also affect the frequency of 
emptying as those with smaller pit volumes will obviously have 
to be emptied much more frequently. It should also be noted 
that the frequency of emptying does not account for much of 
the variation in sludge accumulation rates of pits in slum areas. 
Most of the pit latrines are emptied twice a year (Fig. 8), particu-
larly those with smaller volumes. It was also found that rental pit 
latrines, with 70% coverage in the slum areas, are emptied more 
frequently – at least twice in a year – as compared to the public 
and private pit latrines. This is because they have the challenge 
of being used as solid waste disposal sites, a practice which 
increases their filling rates.
Geo-physical factors
The location of the pit latrine was considered under the assump-
tion that pit latrines located within the same area had similar 
geo-physical characteristics. An ANOVA was carried out 
for sludge accumulation rates between pit latrines located in 
Kampala’s five different divisions (Fig. 9). There was no signifi-
cant difference in the sludge accumulation rates between the 
different divisions (p > 0.05). This is because the pit latrines 
are lined and have no access to the environment and hence no 
outflow (Mara, 1984). However, there could be a level of seepage 
through the brick lining of the pit latrines, though in this study 
this was considered to be negligible in comparison to the inflow. 
Sludge accumulation rates in lined pit latrines are affected by 
inflow and user behaviour and not the geo-physical factors of the 
area in which they are located.
Figure 5
Trend of sludge accumulation rate with type of pit latrine
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Rate of degradation using mass loss measurements
Figure 10 shows mass losses recorded over a period of 3 months 
with the measurements taken weekly. It can be seen that there 
was a greater mass loss (ML) at a moisture level of 90–100% than 
80–90%. In this test, anaerobic degradation was most predomi-
nant and this was in agreement with Chaggu (2004), as there was 
rapid degradation at the start of the test. This was because of the 
readily available degradable material in the almost fresh sludge 
(Bakare, 2014). Greater mass loss at the 90–100% moisture level 
is attributed to the fact that more moisture facilitates exchange 
of substrate material and buffering agents, dilution of inhibitors, 
and the distribution/spread of microbes (Bakare et al., 2012). 
Sufficient water in the pit will allow increased rates of transport 
of soluble components and micro-organisms in the pit, allowing 
for optimum growth to occur (Foxon et al., 2010). 
CONCLUSIONS and RECOMMENDATIONS
Based on the findings of this study, sludge accumulation rates 
were found to be higher in rental and private pit latrines as 
compared to the public pit latrines, which had more users. This 
was partly due to the restriction of disposal of solid waste in 
public pit latrines and also due to the higher degradation taking 
place with the greater number of microbes introduced to the pit. 
For rentals and private pit latrines, the greatest contributor to the 
filling rates of these pit latrines is the solid waste disposed of in 
the pit latrines. 
Pit size and the frequency of emptying do not account for 
the variation in sludge accumulation rates in pit latrines in slum 
areas. However, the filling rates of pit latrines can affect how fre-
quently a pit is emptied and the size of the pit latrine also affects 
by when it will fill. Rental pit latrines were emptied more fre-
quently compared to the public and private pit latrines because 
they are smaller in size and being used by a large number of 
people, who also use them as solid waste disposal sites. 
Rate of degradation of faecal matter was not found to be a 
challenge in the pit latrines studied since they have moisture 
content levels in the 90–100% range found to be optimum in the 
laboratory study. The difference in the sludge accumulation rates 
in the pit latrines was not due to a problem in the degradation 
reaction but rather related to an issue with what went into the pit 
latrine. The inflow was affected by the amount of non-faecal mat-
ter in these pit latrines which is a result of user behaviour and 
has an eventual effect on the filling rate.
Use of pit latrines as solid waste disposal sites is a poor 
culture that greatly affects the filling rates of the pit latrines 
and one of the recommendations of this paper is that the city 
Figure 6
Sludge accumulation rates with number of users
Figure 7
Non-faecal matter removed from the pit latrines during emptying (Mak-
erere University, 2015)
Figure 8
Relation between sludge accumulation rate and the time duration 
between emptying 
Figure 9
Sludge accumulation rates within pits in each division
Figure 10
Variation in cumulative mass loss (ML) with time at two moisture content levels
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authorities should sensitize the public against this practice. More 
studies need to be done on unlined pit latrines to understand the 
effect of the environmental factors and soil interaction on sludge 
accumulation rates. This will help to accurately predict sludge 
accumulation rates in slum pit latrines.
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